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Improvements in Multi-Stage Compressors with Intercooling 



We, Society Rateau, a French Body 
Corporate, of 40, rue du Colisee, Paris, 
Seine, France, do hereby declare the in- 
vention, for which we pray that a patent 
may be granted to us, and the method' by 
which dt is to be performed, to be particu- 
larly described) in and by the following state- 
ment: — 

This invention relates to multi-stage com- 
pressors with interstage cooling. 

It is customary at present to arrange the 
intercoolers associated with multi-stage cen- 
trifugal compressors in the compressor body 
itself or, at least, in casings fixed directly 
to the compressor body. 

However, the progress which has been 
achieved in aerodynamics and! in mechanics 
has resulted in a reduction of the dimen- 
sions of the moving parts of such compres- 
sors while simultaneously increasing the rota- 
tional speeds thereof, so that they are of 
relatively low cost and yet have high per- 
formance. As the dimensions of the inter- 
coolers are not correspondingly reduced, the 
accommodation thereof in the body of the 
compressor has become more and more diffi- 
cult. The connecting ducts, which are of 
complicated form, complicate manufacture 
and their changes of direction and of section 
are prejudicial to the overall compressor 
efficiency, especially at the low pressure or 
inlet end of a compressor, where the occur- 
rence of separation effects is most to be 
feared. 

Among multi-stage compressors with inter- 
stage cooling, this invention relates to centri- 
fugal compressors of the kind (referred to 
hereinafter as " the kind referred to ") which 
have a casing which supports an externally 
mounted interstage cooler or coolers; such 
compressors comprise an inlet duct for the 
supply of fluid to the compressor, an out- 
let duct for the delivery of fluid 
from the compressor and intermediate 



ducts for the transfer of fluid to 
and from the interstage cooler or coolers, the 
said ducts being distributed along the axial 
length of the compressor. The invention has 
for its principal object to provide an arrange- 
ment of the stages of a compressor of the 
kind referred to, which enables the said 
cooler or, if there is more than one cooler, 
at least the cooler situated at the low pres- 
sure end of the compressor, to be turned 
round and to be provided with very direct 
connecting ducts without, in spite of this, 
increasing the length of the moving parts. 

In the conventional arrangement of a 
multi-stage centrifugal compression, all the 
stages are traversed (by the fluid) in the same 
axial direction. The inlet and oudet ducts 
of the compressor, regarded as a whole, are 
arranged at the end of the assembly of al 
the ducts and they frame all the intermediate 
ducts connected to the interstage coolers. 

It has already been proposed, in centrifugal 
compressors having built-in interstage coolers, 
to dispose the diffusers of the final and pen- 
ultimate stages adjacent one another in the 
axial direction. However, it is more diffi- 
cult to turn round any stage other than the 
final one, by reason of the small radii of 
curvature which need be adopted for the 
intermediate ducts. 

According to the invention, however, there 
is provided a multi-stage centrifugal com- 
pressor of the kind referred to, wherein the 
low pressure, or inlet stage, at least, is re- 
versed^ in such manner that the duct located 
at the end of the assembly of ducts which 
is nearer the end of the compressor at which 
the said inlet stage is located is an inter- 
mediate duct. 

Apart from enabling the above-mentioned 
object to be achieved, a further advantage 
of the arrangement according to the> inven- 
tion resides in the reduction of the axial 
thrust of the moving assembly of the stages, 
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which arises from turning round at least one ^~to»^ 4 have ^ normal ar- 
stage, and in some cases th,s enables the con- "ngemem ^» y d 

ventional _ axial .balancmg piston to be da- »ady desmo -d. in ^ f 
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pensed with. The description which follows 
with reference to the accompanying draw- 
ings, which is given by way of non-hrnitative 
example, will make the various features of 
the invention and the manner in which they 
are carried into effect clearly understood. 
In the drawings: — 

Figure 1 shows in axial section a conven- 
tional six-stage centrigual compressor pro- 
vided with three intercoolers arranged be- 
tween stages 1 and 2, 2 and 3, 4 and 5, res- 
15 pectively, and : 

Figure 2 shows in a similar view an equi- 
valent compressor in accordance with the 
invention. , 
Referring to Figure 1 there is shown 
20 therein a multi-stage compressor, the rotors 
of the six stages of which, numbered respec- 
tively from 1 to 6, are carried by a snait 7. 
The latter, driven at the end 8, is mounted 
in two bearings 9 and 10 and axially located 
25 by a stop or abutment 11. Seals, such as the 
labyrinth packing 12, are disposed-between 
the stages and at the ends of the shaft. 

It is to be noted that since die rotors 
are all arranged in the same axial direction, 
the axial thrusts thereon are cumulative and 
must be balanced by a piston 13, The piston 
13 has a face 14 which is subject to the 
delivery pressure, while the opposite face 
15 is subject to a selected lower pressure. 

The inlet ducts of the several stages res- 
pectively bear the references Id, 2a ... . 6a, 
and the corresponding delivery ducts the re- 
ference lr, 2r .... 6r. It is obvious that 
the ducts la and 6r are not in the same 
plane as the others. 

The positions of the intercoolers are repre- 
sented schematically by the arrows 16 x , 16 2 
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or reversed, as is the assembly of rotors 5 
and 6 and the corresponding diffusers. 

The inlet duct la and the delivery duct 
6r are framed by the ducts lr and 5a> res- 
pectively, located at the two ends of the 
compressor. The result is that the coolers 
16! and 16 3 can easily be arranged m line 
with said ends without it being necessary to 
impose a considerable curvature on the inter- 
mediate ducts, as can be seen by comparing 
the two figures of the drawings. 

Moreover, it is acceptable, as shown, to 
provide a greater curvature for the high- 
pressure ducts 4r and 5a, where separation 
effects are less to be feared. 9 

The method of construction in accordance 
vnth the invention therefore reduces the 
pressure loses and facilitates the construc- 
tion of the diaphragms and of the compres- 
sor stator or frame. Moreover, the axial 
thrusts of the reversed rotors 1, 5 and 6 
balance, or very nearly balance, those of the 
normally directed rotors 2, 3 and 4 It is 
thus possible to dispense with the axial bal- 
ancing piston. ■" ; . 

It is obvious that the invention is not 
limited to the construction form thus des- 
cribed, but that it also covers those which 
it is possible to obtain by employing equi- 
valent technical means. 

In particular, a series of reversed rotors 
may -comprise any number of such rotors. 

WHAT WE CLAIM IS: — 
1. A multistage centrifugal compressor of 
the kind referred to, wherein the low pres- 
sure or inlet stage, at least, is reversed, in 
such manner that the duct located at the 
end of the assembly of ducts which is nearer 
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sented schematically by tne arrows io» - compressor at which the said 

f d J 6 i ^"ST^S Jffi ^J^S^Jl. ar ^intermediate .duct. 
1 and- 2, stages t ana . , . rnmnressor according to claim 1, 
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& but could* be [provided between other 
stages if thermodynamic requirements made 
this necessary. It is to be observed that the 
lateral dimensions of the coolers require a 
sinuous form of the ducts lr, 4r and 5a, and 
this entails two main drawbacks: 

pressure losses in the curved ducts, 

—difficulties in manufacturing the corres- 
ponding parts. . ' , ■ 

Fi<mre 2 relates to an equivalent com- 
55 pressor, but constructed in accordance with 
die invention. The same reference designate 
corresponding parts in the t wo figures. 



2. A compressor according to claim 1, 
wherein at least two compression stages and 
the associated connecting dnct or ducts are 
reversed together. n - 

3. A multi-stage compressor constructed im 
and* arranged substantially as hereur par- 
ticularly described with reference to Figure 

2 of the accompanying drawings. 

ARTHUR R. DAVIES, 
Chartered Patent Agents, 
27, Imperial Square, Cheltenham, and 
320, High Holborn, London, W.C.I, 
Agents for the Applicants. 
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